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“Microbes are educated to resist penicillin and a host of 
penicillin-fast organisms is bred out… In such cases, the 
thoughtless person playing with penicillin is morally 
responsible for the death of the man who finally succumbs 
to infection with the penicillin-resistant organism.  

I hope this evil can be averted.”

Alexander Fleming

New York Times. 26 June 1945:21.



Antimicrobial Good News/Bad News

Antibiotics have transformed the practice of medicine, 
making once lethal infections readily treatable 

So…. what’s the problem

• Serious side effects/ adverse events

• Antibiotic resistance 

• Estimated >2 million people are infected with antibiotic-resistant 
organisms contributing to approximately 23,000 deaths annually

20-50% of all antibiotics prescribed in U.S. acute care hospitals 
are either unnecessary or inappropriate

Fleming-Dutra KE et al. JAMA. 2016;315(17):1864-1873.



History of Antibiotic Discovery



What is Antimicrobial Stewardship?

 The optimal selection, dosage, & duration of 

antimicrobials that results in: 
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Barlam TF et al. Clin Infect Dis. 2016; 62:e51-e77

Optimize patient safety

Ensure optimal use of 
antimicrobials

Minimize unintended consequence 
(e.g drug resistance, toxicity)



Antimicrobial Stewardship Timeline
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Forum on Antibiotic Stewardship

National Action Plan for Combating Antibiotic-Resistant Bacteria to 

achieve 5 core goals within the next 5 years: 

❑Slow the emergence and prevent the spread of resistant 

bacteria

❑Strengthen surveillance efforts to combat resistance

❑Advance development of rapid and innovative diagnostic

tests to identify resistant bacteria

❑Accelerate research and development for new antibiotics

❑ Improve international collaboration

U.S. National Action Plan for Combating Antibiotic-Resistant 

Bacteria (National Action Plan). CDC. 2018
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Antimicrobial Stewardship Standard: 

Hospitals

 Leaders establish antimicrobial stewardship as an 

organizational priority

 Medical staff education

 Multidisciplinary Antimicrobial Stewardship team 

 Core elements

New Antimicrobial Stewardship Standard. Joint Commission 

Perspectives®, July 2016, Volume 36, Issue 7 



Antimicrobial Stewardship

Core Elements

10Core Elements of Hospital Antibiotic Stewardship 

Programs. CDC. 2015



Antimicrobial Stewardship Standard: 

Hospitals

 Collect, analyze, and report data on hospital antimicrobial 

stewardship program

 Take action on improvement opportunities identified in its 

antimicrobial stewardship program 

 Leaders establish antimicrobial stewardship as an 

organizational priority

 Medical staff education

 Multidisciplinary Antimicrobial Stewardship team 

 Core elements

New Antimicrobial Stewardship Standard. Joint Commission 

Perspectives®, July 2016, Volume 36, Issue 7 



Antimicrobial Stewardship Timeline
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2012 2017

Effective 

Now



Antimicrobial Stewardship Strategies
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Antibiogram & Order Sets

 Antibiogram

❖ Periodic summary of antimicrobial susceptibilities of local bacterial isolates

❖ Used by clinicians to assess local susceptibility rates

❖ Aids in selecting empiric antibiotic therapy, and in monitoring resistance trends 
over time

❖ Can also be used to compare susceptibility rates across institutions and track 
resistance trends

❖ Antibiogram is the first step towards the development of antibiotic use policies 
and order sets 

 Order sets: common infectious diseases

❖ Sepsis

❖ Urinary tract infections

❖ Pneumonia 

❖ Skin and soft tissue infections

❖ Others

Impact:

Increase likelihood of appropriate 

antimicrobials prescribing empirically

Joshi S. Indian J Med Microbiol. 2010 Oct-Dec;28(4):277-80.



 Established criteria for use and required specialist consultation 

 Restrictions

❖ Broad or niche antimicrobial therapy: meropenem, daptomycin, 

ceftaroline, etc

❖ Antimicrobial therapy with toxicities: levofloxacin, colistin, etc

Successful Carbapenems & Anti-MRSA Agents 

Restriction



Successful Carbapenems & Anti-MRSA Agents 

Restriction

Antimicrobial Stewardship Trained Pharmacist 

Dedicated time to antimicrobial stewardship

Ensuring successful implementation of initiatives

Tracking progress by conducting monthly restricted 

antimicrobial use evaluation

Reporting result and impact of initiatives 

Educating healthcare providers (pharmacists, physicians, 

and nurses)  

Local Leadership Support (VPMA, CMO) 

• Support successful implementation of initiative 

• Create accountability among prescribers 



Impact of Carbapenems & Anti-MRSA Agents 

Restriction

 Minimize unintended consequence of resistance development 

to potentially inappropriately selected unnecessary broad 

agent 

 Minimize broad spectrum antibiotics adverse events such as 

Clostridium difficile infection

 Optimize appropriate use 

 Significant reduction in unnecessary use of 

restricted/protected agent



 Penicillin is the most frequently reported medication allergy 

❖ Up to 10% of the general population report penicillin allergy 

 80-90% of patients with reported penicillin allergy are not truly 

allergic

 True estimated rate of cross-reactivity between penicillins and 

cephalosporins is reported to be <1%

 Cross-reactivity is most likely the result of structurally similar side 

chain (R group) of cephalosporins and penicillins, not the -lactam 

ring

Minimal cross reactivity of the following:

Cefazolin, Cefuroxime, Ceftriaxone and Cefepime
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Education: Beta-lactam Cross-Reactivity 



Education: Beta-lactam Cross-Reactivity 
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Impact of Beta-lactam Allergy Education 

 Increase compliance to first line agent (e.g. cefazolin) for 

surgical prophylaxis, and other infections

 Minimize unnecessary use of broad-spectrum agents such 

as Carbapenems, and agents associated with toxicities 

such as Fluoroquinolones

 Remove unnecessary alerts/concerns for cross 

reactivity among beta-lactam agents



Education & Technology Based Alerts:

Asymptomatic Bacteriuria  



Education & Technology Based Alerts 



Education & Technology Based Alerts 



Impact (expected) of Education and Alerts:

Asymptomatic Bacteriuria  

 Reduce unnecessary treatment of asymptomatic 

bacteriuria and minimize exposure to unnecessary 

antimicrobials

 Reduce unnecessary laboratory collection, and processing



Audit & Real-time Feedback/De-escalation: 

Vancomycin 

 Vancomycin Timeout 

❖ De-escalation checklist: 

pharmacist-led assessment for 

opportunities to de-escalate 

therapy at day #3 of therapy and 

daily thereafter or discuss an 

appropriate duration (stop date) 



 Anti-MRSA oral agents:

❖ Per indication and clinical 

response, identify 

opportunity to switch from 

intravenous to oral anti-

MRSA therapy 

Audit & Real-time Feedback/De-escalation: 

Vancomycin 



Technology: Rapid Diagnostics/De-escalation

MRSA Nasal PCR Guideline/Recommendation

No exclusion criteria are met, recommendation 

is to consider discontinuation of anti-MRSA 

therapy. NPV > 98%

Positive Predictive Value <38%



Negative MRSA Nasal PCR 

Duration of Anti-MRSA Therapy (DOT)
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Total # of  Negative MRSA Nasal PCR 73
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Discontinued 

within 2 days

74% Discontinued 

within 3 days 19% Discontinued within 4-7 

days 7% Discontinued within 8-14 

days



Impact of Real-time Feedback/Technology:

Vancomycin

 Reduce unnecessary use of vancomycin therapy

 Reduce unnecessary pharmacy, laboratory and nursing 

resources

 Reduce unintended consequences and associated toxicity 

such as acute kidney injury 



It takes a team!

Champions

Practitioners

Infection 
Prevention

Medical 
Information 

Systems

Microbiology 
Laboratory

Hospital 
Administration

Pharmacists

Nursing 
Administration

Director of 
Quality
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Antimicrobial Stewardship Program:

Inpatient 

31

Restriction

Education

Real-time 
Feedback

Technology

Order Sets

Optimize 
patient safety

Ensure 
optimal use

Minimize 
unintended 

consequences



Does Antimicrobial Stewardship 

apply to hospital setting only?
What about outpatient 

Antimicrobial Stewardship?

What about transition of care from 

inpatient to outpatient setting? 



Methods • 48-hospital, retrospective cohort of patients hospitalized with pneumonia or positive urine culture 

• December 2015–September 2017

• Fluoroquinolone exposure was compared between hospitals with and without fluoroquinolone 

stewardship

Results • 11 748 patients (6820 pneumonia; 4928 positive urine culture)

• Fluoroquinolone stewardship was associated with fewer patients receiving a fluoroquinolone 

(37.1% vs 48.2%; P = .01) and fewer fluoroquinolone treatment days per 1000 patients (2282 vs 3096 

days/1000 patients; P = .01), driven by lower inpatient prescribing. 

• However, most (66.6%) fluoroquinolone treatment days occurred after discharge, and hospitals 

with fluoroquinolone stewardship had twice as many new fluoroquinolone starts after discharge as 

hospitals without (15.6% vs 8.4%; P = .003).

Conclusion • Hospital-based stewardship interventions targeting fluoroquinolone prescribing were associated with 

less fluoroquinolone prescribing during hospitalization, but not at discharge. 

• To limit aggregate fluoroquinolone exposure, stewardship programs should target both inpatient and 

discharge prescribing.

Vaughn VM et al. Clin Infect Dis. 2019.



Outpatient Stewardship
Eric Peterson, PharmD
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Beaumont Hospital – Royal Oak



Transitions of Care (TOC)

Inpatient Outpatient

Aberlin MB. ScienceDirect 2017



Common Failings in TOC 

 Prescribing inadequate doses of oral antibiotics

 Excessive durations of therapy

❖ It takes time to determine days of adequate therapy inpatient

 Patient’s insurance doesn’t cover prescription

❖ Example: fosfomycin, amoxicillin/clavulanate XR



Transitions of Care Antimicrobial Stewardship

 Some facilities have dedicated TOC staff to perform these 

responsibilities

 Multiple strategies exist to improve stewardship in TOC

❖ Pharmacist driven medication review prior to discharge

❖ Culture review process for patients discharged from the hospital

❖ Evaluating appropriateness of outpatient parenteral antibiotic 

therapy (OPAT)

 Successful implementation can ease transition to the 

outpatient setting

Su SP, et al. J Pharm Pract. 2018.

Jones JM, et al. J Pharm Pract. 2018.



Outpatient Antibiotic Prescriptions: 2016

Total Antibiotics Prescribed

270 Million

Appropriate Antibiotics

189 Million

Inappropriate 

Antibiotics
81 Million

The Centers for Disease Control and Prevention. 2016.



Outpatient Antibiotic Indications

Shapiro DJ, et al. J Antimicrob Chemother 2014

52%

24%

16%

8%

Respiratory Tract

Skin and Soft Tissue

Genitourinary

Digestive



Why is Outpatient Stewardship Needed

 Vast majority of antibiotics are prescribed in the 

outpatient setting

❖ Little oversight on prescribing appropriateness

 Rates of resistance in the community are rising

❖ Community-acquired methicillin resistant Staphylococcus aureus 

(CA-MRSA)

❖ Extended-spectrum beta-lactamase (ESBL) organisms

 Rates of inappropriate prescribing are high

❖ Estimated at 30% for all antibiotic prescribing

❖ Up to 50% for acute respiratory tract infections 



Joint Commission Ambulatory Requirements

Proposed New Requirements for Antimicrobial Stewardship. The Joint Commission. 2018.



1. The organization identifies an individual(s) responsible for developing, 

implementing, and monitoring activities to promote appropriate antimicrobial 

medication prescribing practices

2. The organization sets at least one annual antimicrobial stewardship goal

3. The organization uses approved protocols and evidence-based practice 

guidelines related to its annual antimicrobial stewardship goal(s)

Joint Commission Ambulatory Requirements



4. The organization provides all clinical staff and licensed independent 

practitioners with educational resources related to its antimicrobial stewardship 

goal(s) and strategies that promote appropriate antimicrobial medication 

prescribing practices

5. When the patient’s care, treatment, or services are related to an annual 

antimicrobial stewardship goal, the organization educates the patient, and the 

family as needed, about appropriate prescribing of antimicrobial medications, 

potential adverse drug events from antimicrobial medications, importance of 

treatment adherence, and symptom management and duration

6. The organization collects, analyzes, and reports data pertaining to the 

antimicrobial stewardship goal(s) to organizational leadership

Joint Commission Ambulatory Requirements



Joint Commission Ambulatory Requirements

Proposed New Requirements for Antimicrobial Stewardship. The Joint Commission. 2018.



Outpatient Stewardship

 Outpatient stewardship can be considered in many areas:

❖ Outpatient clinics

❑Medical group practices

❑ Telehealth

❑ Correction health centers

❖ Immediate care facilities

❑ Emergency departments

❑Urgent care 

❖ Office-based surgery



Antimicrobial Stewardship Team

Nursing Staff

Physicians

Infection 
Preventionists

EpidemiologistsPharmacists

Administrators

Patients 



Staff/Patient 
Education

Clinical Decision 
Support 
Software

Guideline/ 
Order Sets

Culture Follow-
up Programs

Audit and 
Feedback/Repor

t Cards

Antibiograms



Education

 Can be provided by nurses, pharmacists, and physicians

 Frequency can vary widely

 Most common targets include physicians and patients

 Impact varies

 Commonly combined with other initiatives



Clinician Education
Study Design Randomized trial evaluating outpatient clinics within a United

Kingdom health system

Intervention Clinics received education focusing on: antimicrobial resistance, 

treatment guidelines, and motivational interviewing skills

Outcome An overall reduction in antibiotic prescribing was observed 

ranging from 2% to 9% based on which antibiotic was evaluated. 

Overall antibiotic prescribing was reduced by 4.2%

Conclusions Educational interventions can result in decreases in antibiotic 

use in the outpatient setting and should be considered by 

outpatient stewardship programs

Applicability Very broad intervention. For smaller programs would be better to 

focus on specific infection types or antibiotics

Butler CC, et al. BMJ. 2012



Patient Education

 Patient education can be beneficial to reduce antibiotic 

use due to patient’s perceptions of needing antibiotic 

therapy

❖ This can put pressure on clinicians to prescribe antibiotics

 “CDC Get Smart: Know When Antibiotics Work”

❖ Resource for both patients and healthcare providers

❖ Contains printable resources to have in clinic

http://www.cdc.gov/getsmart/community/index.html



http://www.cdc.gov/getsmart/community/index.html



“Antibiotics will not 

treat acute 

bronchitis”

“Antibiotics can do 

more harm than 

good”

https://www.cdc.gov/antibiotic-

use/community/downloads/Flyer-

Bronchitis.pdf
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Order Set Benefits

 Advantages of order sets for stewardship include:

❖ Improved adherence to national guidelines

❖ Targets antibiotic selection

❖ Can be customized based on need

 Limitations of order sets include:

❖ Use is not mandatory

❖ Limited awareness will limit utility

❖ Requires periodic updating



Example Order Set Intervention

 Beaumont Adult Outpatient Clinic

www.beaumont.org/locations/beaumont-hospital-royal-oak



Intervention

 Monthly education was provided to residents staffing the clinic

❖ Focused on etiology, diagnosis, and treatment of acute respiratory tract 

infection (ARTI)

❖ Educated on order set implementation and encouraged use

 Order sets were incorporated into electronic medical record 

(EMR) for various ARTI providing recommends for:

❖ Diagnosis

❖ Antibiotic selection (if indicated)

❖ Supportive care measures

Primary Outcome: Percent of clinic visits prescribed antibiotics 

for bronchitis, pharyngitis, sinusitis, and unspecified 

respiratory infections as a composite 



 Diagnostic

❖ Rapid influenza/RSV by 

PCR

❖ Chest X-ray

 Supportive Care

❖ Benzonatate

❖ Albuterol HFA

 Antibiotics not 

indicated for the 

treatment of 

bronchitis

Order Set Example

Acute Bronchitis

RSV = Respiratory Syncytial Virus

PCR = Polymerase Chain Reaction



Antibiotic Prescribing Frequency: Composite
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Antibiotic Prescribing Frequency: Bronchitis
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 Order sets and monthly provider education can reduce the rate of 

outpatient antibiotic prescribing for ARTIs and improve antibiotic 

appropriateness

 The largest effects on antibiotic prescribing and antibiotic appropriateness 

were seen in bronchitis

 More evaluation needs to be done evaluating the effect of order sets on 

antibiotic days of therapy, hospitalization rate, and development of 

Clostridioides difficile when used for ARTI

Study Conclusions
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Audit and Feedback/Report Cards

 Periodic evaluation and reporting of antibiotic prescribing 

metrics can be used to influence appropriate prescribing

 Can be reported for individual prescribers or to clinics as 

a whole

 Often coupled with other interventions to demonstrate 

results



Audit and Feedback
Study Design Cluster randomized trial evaluating changes in inappropriate 

antibiotic prescribing over time for ARTIs at pediatric clinics

Intervention One hour educational session focusing on prescribing guidelines. 

This was combined with quarterly feedback reports on antibiotic 

prescribing for ARTIs

Outcome After 12 months, broad-spectrum antibiotic prescribing decreased 

from 26.8% to 14.3%

Conclusions Outpatient antibiotic stewardship consisting of education and 

quarterly audit and feedback can effectively reduce antibiotic 

prescribing for ARTI in pediatrics

Applicability Can be incorporated into different settings including adult clinics. 

Using standard metrics, the data is relatively accessible depending 

on EMR

Butler CC, et al. BMJ. 2012
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Culture Follow-Up Programs

 Unfortunately culture results are often not followed up on 

in emergency/urgent care settings

 This can lead to unnecessary visits back to the ED

Culture Taken + Culture Results =



Culture Review Process
Study Design Retrospective descriptive study of pharmacist driven urine 

culture follow-up program that was expanded from ED to include 

2 urgent care locations

Intervention Pharmacists evaluated positive cultures for patients discharged 

from urgent care and tracked interventions made under a 

collaborative practice agreement

Outcome A total of 1461 culture results were evaluated over a 12-month

period. Of those, 320 (22%) required an intervention including a 

new antibiotic or counseling

Conclusions Urgent cares frequently have little antibiotic stewardship oversight 

and may benefit from the addition of a culture review process that 

is operated by ED pharmacists and residents

Applicability In settings that currently have an ED culture review process, the 

addition of urgent cares may be feasible depending on current 

workload of culture follow-up team

Dumkow LE, et al. Infect Dis Ther. 2017.



Implementing Interventions

 Utilize available resources:

❖ A Field Guide to Antibiotic Stewardship in Outpatient Settings –

Centers for Medicare and Medicaid Services

❖ Antibiotic Prescribing and Use in Doctor’s Offices – Centers for 

Disease Control and Prevention (CDC)

❖ Core Elements of Outpatient Stewardship – CDC

 Choose interventions that have been shown to be 

effective and are applicable to the site

 Combining multiple interventions is a common practice

 Always track results!



Challenges to Outpatient Stewardship

 Because clinics and urgent cares are so numerous, this can 

make it challenging to reach everyone

 Funding for stewardship positions limited

 Clinics have different EMRs, patient populations, workflow

 Data can be difficult to access depending on IT support 

and EMR being used



Conclusions

 There are multiple ways to address antimicrobial 

stewardship in the outpatient setting including education, 

order set modification, audit and feedback reports and 

culture follow-up programs

 Multi-modal approaches are recommended to optimize 

antibiotic prescribing

 Interventions should be customized to patient 

populations, clinic vs urgent care, and local prescribing 

practices

 Always track and report the success of the intervention 



Outpatient Stewardship
Eric Peterson, PharmD

PGY2 Infectious Diseases Pharmacy Resident

Beaumont Hospital – Royal Oak

Contact: Eric.Peterson@Beaumont.org


